Many professional entities endorse the need to deliver cancer genetics risk assessment (CGRA) services through a multidisciplinary team that includes trained genetics professionals. However, market forces, a lack of regulation of genetic testing, patent laws, cost barriers, and a limited workforce in genetics have resulted in an increasing number of community practitioners who order and interpret genetic testing. In addition, varying state-level laws and licensure requirements for genetic counselors may contribute to the nonuniform delivery of CGRA services across the United States. Those who perform genetic testing without having adequate training or expertise may incur liability risks. Moreover, the patient might not enjoy the maximum benefit of testing at the hands of an inadequately trained individual. In the setting of a limited number of professional who are trained in CGRA and a dearth of education and training resources, it is a challenge to integrate genetic testing services into clinical care. With advances in genomics and the implementation of personalized medicine, the problem will only be magnified, and it is critical that there are more opportunities for high quality education and training in clinical cancer genetics free of commercial bias. Successful strategies for delivering comprehensive CGRA services include academic-community partnerships that focus on collaboration with nongenetics providers or the inclusion of a genetics professional in the community setting as part of multidisciplinary patient care. These approaches can leverage the expertise of genetics professionals while allowing patients to remain in their community and enjoy better access to resources for long-term follow-up care.
S
everal professional organizations have published guidelines that illustrate the complexities of delivering high-quality CGRA services and the need for the involvement of trained genetics professionals. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] There are 3 main groups of health care professionals with advanced degrees and experience in genetics: certified genetic counselors (CGC), who have at least a Master's degree in genetic counseling and have passed a national board examination; diplomates, American Board of Medical Genetics (DABMG) or fellows, American College of Medical Genetics (FACMG), who are physicians who have completed residency or fellowship training in medical genetics and who have passed the board examination; and advanced practice nurses in genetics (APNG), who have completed a graduate nursing program and a professional portfolio review process. The traditional model for delivering these services begins with an in-person pretest genetic counseling session followed by a results disclosure session 1 and is conducted by a certified or credentialed genetics professional 2 who has been trained to provide a detailed risk assessment that would include a differential diagnosis, education, and medical management options for hereditary cancer. [3] [4] [5] [6] In the tertiary care setting, CGRA services are increasingly delivered by a multidisciplinary team that includes genetic counselors who work with oncologists, medical geneticists, other medical specialists, and often a mental health professional. and testing services, market forces compel an increasing number of clinicians with limited training or experience in CGRA to order and interpret genetic tests. [8] [9] [10] [11] [12] [13] Of particular concern are commercial laboratories that directly target community-based physicians. 13, 14 These types of marketing strategies for a test that is not indicated for most of the population leads to limited patient benefit, while increasing the volume of tests performed by the testing laboratory. 15, 16 Consequently, as policy makers formulate the regulation of this growing industry, it is critical to consider the content and framing of risk information through these direct-to-consumer (DTC) marketing campaigns. There has been little regulation at the federal and state level of DTC marketing for genetic tests. Currently, 13 states prohibit DTC marketing outright, and 26 states, including the District of Columbia, permit it without restrictions.
14 This variation in regulation from state to state can greatly affect families across the nation as each family may have different access to interpretations by medical professionals depending on which state they live in.
Lack of regulation
Organizations that have authority to regulate genetic testing include the Food and Drug Administration (FDA) and the Centers for Medicare and Medicaid Services through the Clinical Laboratory Improvement Amendments (CLIA). 15, 16 A genetic test may be developed as a "test kit" or a "home brew." Test kits are prepackaged with reagents and instructions and sold to laboratories, whereas home brews are assembled in-house by the laboratory. Test kits are regulated by the FDA as medical devices, thus manufacturers must submit data on analytic and clinical validity and utility to the agency for approval before it can be marketed. The FDA has approved 4 test kits to detect mutations in human DNA, of the hundreds of diseases for which genetic tests are currently available clinically. 15 In contrast, home brews are under CLIA oversight, which requires laboratories to perform proficiency testing to demonstrate their ability to accurately perform the test and interpret the results-but they do not need to demonstrate clinical validity or utility. Thus, under CLIA, the decision to offer a new genetic test is within the sole discretion of each clinical laboratory director. As a result, most genetic testing is currently overseen by CLIA rather than the FDA, which suggests that manufacturers prefer the less-regulated status and that the regulatory regime allows them to avoid stringent FDA oversight. Ultimately, there are clear opportunities to develop a regulatory system to ensure that patients and providers receive greater assurance that genetic tests are accurate and reliable and provide information that they are relevant to health care decision making. Currently, mutation detection strategies and detection rates for a given gene may vary by testing laboratory because of the techniques that are used, so the patient's mutation may be detected by one laboratory but not another. Consequently, practitioners who provide genetic testing services require familiarity with laboratory testing approaches, as patients rely on them to research and select the laboratory best suited for their genetic needs.
Patent laws
Patent laws in the United States may also limit the amount of genetic testing interpreted by those fully trained in CGRA. About 20% of human genes are patented. 17 This means that the owner of the patent has the exclusive right to study, test for, and look at a gene and can preclude others in the country from using the gene for those purposes. One example is the patent for the BRCA genes, which gives Myriad Genetics, the patent holder of the BRCA genes, the sole rights to perform clinical BRCA testing within the United States. There are suggestions that patents may limit access to affordable testing, especially in instances in which patent rights holders prevent other laboratories from offering the test or do not accept requests from some insurers or insurance programs. 18, 19 The issue as to whether genes can be patented has received much attention because of a lawsuit whose arguments were heard in the Supreme Court of the United States in April 2013. The lawsuit had been brought against Myriad Genetics in 2009 in the Federal District Court, Southern District of New York. The Association of Molecular Pathology (AMP) et al. vs US Patent and Trademark Office was joined by the American Civil Liberties Union (ACLU), the Public Patent Foundation, patient advocacy groups, and the academic research community, all of whom have different interests in policies relating to gene patenting. The lawsuit argued that the monopoly that was created through the patent on the BRCA genes stifled research and limited women's options regarding their medical care. In 2010, Judge Robert Sweet ruled that the patents were invalid because DNA is a product of nature and they were therefore not patentable. However, that ruling was mostly overturned on appeal in summer 2011 by the US Court of Appeals for the Federal Circuit, which decided that some DNA, such as cDNA molecules, could be patented because they were not found in nature. However, given Myriad's broadest method, claim patents were invalid because they referred to a mental act, a way of comparing sequences to look for differences, which cannot be patented. Subsequently, the Office of the Solicitor General in the Department of Justice filed a brief siding with the plaintiffs and against Myriad. On February 17, 2012, the Supreme Court of the United States began considering whether to take up the case, however in March the court decided to bounce the case back to the lower court because of the Prometheus ruling. In this case, which involved patents related to the proper drug dosing of certain drugs for autoimmune diseases by correlation with blood biomarkers, the Supreme Court said the patents were invalid because they describe laws of nature. In June 2012, the ACLU and Public Patent Foundation filed a brief with the US Court of Appeals for the Federal Circuit to continue the case at the lower level, which once again upheld the patents (in August 2012). The ACLU filed a petition with the Supreme Court on September 24, 2012, to which the Supreme Court agreed to hear arguments (in November 2012). On April 15, 2013, the ACLU argued before the Supreme Court that patents on BRCA1 and BRCA2 are invalid, the outcome of which is eagerly anticipated in June 2013.
Ultimately, as patents and claims interfere with the great advances in sequencing technologies that have made whole-genome and whole-exome sequencing practical, it is expected to become increasingly unfeasible to apply for licenses or collect royalties. 18 In fact, some laboratories within the United States that currently perform this type of testing blind the BRCA1 and BRCA2 sequences from their genomic array, which serves to illustrate how legal constraints can lead to a nonsensical situation despite the availability of novel technologies and scientific breakthroughs. As a result, it is clear that without models for facilitating access, the current system will likely collapse.
Barriers to providing CGRA services Costs and reimbursement rates At a systems level, the barriers to providing cancer genetics risk assessment services by trained professionals involve high costs and low reimbursement rates for these time-intensive services. This impedes the provision of adequate risk counseling, particularly for physicians outside of an academic setting. [20] [21] [22] [23] [24] [25] Findings from one study found that only one-third of the time needed to deliver genetic counseling services involves face-to-face patient care which may be billed. 26 As a consequence, most genetic counseling programs cost more than the direct revenue they generate. 27 However, when performing any cost-benefit calculation of genetic counseling services, "downstream revenue analysis" (which includes reimbursement from surveillance, prophylactic surgeries, or cancer treatments for individuals with inherited cancer predisposition) must be considered to fully illustrate the institutional value of these services. 28 Furthermore, to maximize the efficiency of genetic counseling programs, administrative assistance is required for patient scheduling, filing, medical records requests, submission of insurance reimbursement claims and so on, to ensure maximum patient throughput by a genetic counselor.
Licensing
Another barrier to reimbursement is that genetic counselors are not allowed to bill directly for services in most states. However, the landscape continues to evolve as more states adopt licensure for genetic counselors, which may facilitate counselors' ability to bill for services. 29 Specifically, 15 states have adopted rules that require genetic counselors to meet specific education, examination, and other standards before becoming licensed. 29 Although the state laws vary, they do follow some common trends. For example, all 15 states provide title protection by making it illegal for a person to represent themselves as a genetic counselor. Without such title protection, anyone in that state can use the term genetic counselor. In addition to the 15 states that have laws on licensure, 17 states are either preparing to introduce bills on this matter or have bills pending so that the total number of states in which genetic counselors will be regulated is likely to rise in the future. Thus, a health care provider could unknowingly refer a patient to a genetic counselor who does not have graduate training in genetic counseling or even a basic level of proficiency. This places health care providers at risk for using these untrained individuals, and consumers at risk for not receiving adequate services. In some states, the penalties for violating the licensing laws for genetic counselors range from civil consequences such as fines or restraining orders to criminal consequences such as misdemeanors or felonies. However, it is important to note that most states have provisions that clarify that other health care professionals are not in violation of the law if they provide genetic counseling services within the scope of their licensing laws. In such a case, health care professionals still cannot present themselves with the title of genetic counselor.
Despite current inability for most genetic counselors to bill independently for services rendered, there is evidence to suggest that provision of genetic counseling through a trained genetics professional can lead to increased cost effectiveness. 30 In fact, a large health insurance plan within the state of Michigan, PriorityHealth, requires genetic counseling by a trained genetics professional before genetic testing as a prerequisite to reimbursement for testing for the specific purpose of promoting cost effectiveness. 31, 32 Ultimately, public and private health care policy reform is needed to address the gap in insurance coverage for genetic counseling and genetic testing as a component of preventive care for patients, as well as to improve reimbursement relative to the time required for adequate risk counseling. There has been some policy movement in this area, but it has been limited. For example, under the Affordable Care Act, most insurance companies now have to cover genetic counseling on BRCA for women who are at higher risk at no cost to the patient. 33 These types of mandates are few and far between in the insurance realm.
Limited workforce
Finally, there is a recognized shortage of genetics professionals, especially in rural areas and certain states. 34, 35 National data indicates there are 1,500 medical geneticists and just over 2,000 genetic counselors in the United States, which translates into 1 genetics professional per 300,000 individuals in the population. Ultimately, expansion in access to genetics expertise will be a key component to realizing the benefits of genetics and genomics innovations.
Risks associated with incomplete CGRA services
There is data to suggest that many nongenetics professionals lack sufficient knowledge to provide adequate CGRA services. [36] [37] [38] [39] In fact, a number of recent publications have demonstrated the negative outcomes of undergoing genetic testing without adequate genetic counseling, such as inappropriate or incomplete testing and misinterpretation of test results by both patients and clinicians, inappropriate cancer screening or prevention recommendations, and possible psychological complications for the patient. [38] [39] [40] [41] [42] There is a need to better understand the effectiveness of counseling at an academic center, which generally involves multidisciplinary care with the involvement of genetics professionals, compared with community programs. On the surface, the sharing of genetic test results may seem to be basic. However, when the intricacies are examined, the knowledge that is needed for delivering the results can become quite complex.
The delivery of positive results requires clinicians to be familiar with the latest management strategies available to the patient and with risk modifiers to be able to convey accurate cancer risk and management recommendations to the patient. Inheritance patterns must also be understood to help the patient inform at-risk relatives. The delivery of "true negative" results, where a patient is tested for a previously identified family mutation, may seem straightforward; however CGRA services entail comprehensive assessment of maternal and paternal inheritance. For example, a patient presented to our clinic for sitespecific testing for a previously identified BRCA mutation coming from her mother's side of the family. During the CGRA session, she was determined to have a significant paternal family history of Lynch syndrome, and subsequent genetic testing identified a mutation in the MLH1 gene. Another challenge is determining appropriate clinical management for patients who receive an "uninformative" negative result (ie, where a causative mutation has not been identified in the family, thus a "negative" result does not equate to no risk in families), particularly when a positive result was expected. Given that 90% of results are typically negative, this is a common scenario and requires providers to discuss the possibility of other genetic conditions, as appropriate. 9, 43 The identification of another genetic syndrome in a patient has direct implications for the medical management recommendations that are made to the patient. Finally, a result that includes a variant of unknown significance (VUS) brings an extra layer of complexity to CGRA sessions, because it is imperative for the clinician to gather additional information on the VUS and to interpret the result in the context of the family history. Furthermore, the reporting of VUS results is not standardized between different genetic testing laboratories, thus familiarity and understanding of 1 laboratory's classification does not translate into the same interpretation at another laboratory, which may have a notable impact on clinical utility. Clinicians must have an understanding of the methodology behind a VUS classification, know where to obtain more information about a VUS, and understand how to use the information to better guide the management of their patients. In fact, a BRCA VUS result in a patient who was recently seen through our clinic was reported to have a 46:1 odds of being pathogenic. 44 Thus, collection of this additional information had an impact on both the breast and ovarian cancer risk management decisions the patient made.
That being said, successful strategies for delivering comprehensive CGRA services include provision of these services in a multidisciplinary setting. This includes academiccommunity partnerships that focus on collaboration with nongenetics providers to offer genetic testing for hereditary cancers or inclusion of a genetics professional in the community setting as part of multidisciplinary patient care. 9, 43 These approaches can leverage expertise of genetics professionals while allowing patients to remain in their community and allow for better access to resources for long-term follow-up care.
Another consideration for nongenetics professionals who perform genetic testing is the duty to follow up with patients as newer tests emerge. Specifically, when genetic services are provided as a consultation service by genetics professionals, the patient is seen specifically for an evaluation and is generally not followed on an ongoing basis. In contrast, when genetic testing is performed by oncologists, gynecologists, or other primary care doctors in the community as part of ongoing care, it becomes the responsibility of the treating practitioner to follow-up with patients as new genetic testing is introduced from which the patient might benefit. Thus, lack of documented discussion about emerging tests as they become available may pose another liability risk faced by community-based practitioners who offer genetic testing in the context of ongoing medical care. 45 In addition, health care professionals have been sued when they have failed to recommend a needed genetic test. 46, 47 Ultimately, advances in genomic medicine will lead to more and more patients with disorders with a recognizable genetic component that will require specific medical management. Thus, health care professionals who are not familiar with basic concepts of medical genetics put their patients at risk of not receiving the best available care and put themselves at risk of a malpractice suit. In fact, recent literature has suggested that physicians appear to be the most vulnerable group in terms of liability risks related to genetic technologies, and with the growth in the field of genetics, the number of lawsuits is expected to increase substantially. 46, 47 Future directions There remains a paucity of opportunities for education and training in clinical cancer genetics, 48 despite the priorities set forth by policy and leadership stakeholders that emphasize the need for cancer genetics education. [49] [50] [51] [52] [53] [54] [55] [56] [57] In the setting of a limited trained professional workforce and limited education and training resources, it is a challenge to integrate genetic testing for inherited cancer predisposition into clinical care. As part of campaigns to increase awareness of hereditary breast and ovarian cancer and testing for the BRCA genes, Myriad, the company with the patent on these genes, has provided physician education and outreach in the community setting. However, there is much concern about whether a few hours of training by company employees with an inherent conflict of interest in selling test kits is either appropriate or adequate. 49 Furthermore, it is important to recognize that events supported by educational grants from commercial companies often use members of their speaker's bureaus who convey a message consistent with the company's goals. As a result, these events have the potential for commercial bias. Ultimately, many well-meaning health care providers who have no training in CGRA are encouraged to order BRCA testing with the help of a simple informational packet. Thus, BRCA testing is routinely performed by physicians who lack adequate knowledge of even basic genetic concepts, [58] [59] [60] [61] which represents a medical liability for them, while sales representatives are rewarded with commissions for the ordered test.
Targeting appropriate utilization of cancer genetics services has been a long-standing research focus at the Moffitt Cancer Center. We recently received a grant to develop an infrastructure (called the Inherited Cancer Research [ICARE] Initiative) to support research, education, and outreach initiatives focused on BRCA genetic counseling and testing. The ICARE Initiative leverages a state mandate to reach the citizens of Florida and provide access to highquality cancer care. Moffit works with its partners (referred to as 'Affiliates') to offer clinical expertise and research trials found at an NCI-designated Comprehensive Cancer Center. In addition to our educational and outreach efforts, practitioners statewide refer high-risk patients to our research registry to provide the research link, which has in turn contributed to the tremendous growth of our registry since initiation of the grant in summer 2010. This provides unprecedented opportunities to understand cancer risk management practices and recommendations in BRCA mutation carriers at the patient and practitioner level. These efforts will lead to information that can improve the delivery of cancer genetics services in the state of Florida and serve as a model for other states. Recognizing community-based needs, both at the patient and practitioner level, a nonprofit foundation, Inherited Cancer Coalition was formed, through which educational materials pertinent to genetics and genomics are under development.
In the end, it is important to recognize that genetics is qualitatively different from all other topics in medicine because it underlies all of pathophysiology. It is the fundamental science of health and disease 61 and will increasingly influence the health care environment with continuing emerging advances in genetics and genomics. With the tremendous reductions in genotyping costs that now allow for simultaneous testing for multiple inherited conditions, we expect the genetic testing paradigm to shift away from testing for 1 condition at a time toward testing through multigene panels. That shift to multigene testing will add to the complexities of delivering genetics services and compound the existing problems. These advances will magnify the need for practitioners to have a required level of proficiency in genetics, with genetics professionals available for consultations and guidance.
